Introduction
Cardiac transplantation in paediatric patients has been routinely performed in some institutions for more than a decade [10, 11, 15, 17, 20, 21] . The main indications are end-stage cardiomyopathy and congenital heart disease, with the latter being the most frequent. The population of paediatric heart transplant recipients is growing as their life expectancy increases due to improved immunosuppressive agents [10] . This new group of patients may also develop other diseases which might require surgical treatment. An association between congenital heart disease and scoliosis is well established, and most of these cases involve idiopathic scoliosis without any morphological abnormality in the vertebral column [1, 3, 5, 8, 19, 22] . These curves usually develop quite early and are very severe, requiring surgical treatment [3] . With regards to patients with congenital heart disease, spinal fusion in posttransplant patients can be performed with a risk that varies according to the patient's preoperative cardiac status [3, 8] . Indeed, post-transplant immunosuppressed patients are at a higher risk for septic complications that may compromise their life [13] . While there are published reports concerning urgent surgical treatment for acute cholecystitis or diverticulitis in such patients [2, 9, 12, 13, 18] , there Abstract Cardiac transplant surgery is being performed with increasing frequency as a treatment for endstage heart disease. In addition to the well-known post-surgical problems of rejection and infection, these patients may present at a future date with other medical problems which require surgical treatment, including orthopaedic pathology. Severe idiopathic scoliosis has been described in association with congenital heart disease, and its surgical treatment poses considerable risks because of heart disease. Spinal fusion in heart transplant recipients involves similar risks due to the particular physiology and pharmacological reactions of the denervated heart. Several cases of cholecystectomy performed in heart transplant recipients have been described, but to our knowledge no orthopaedic procedures have been reported in such patients. We report on a 15-year-old patient who underwent successful corrective surgery for idiopathic scoliosis 14 months after heart transplant.
is no mention of elective orthopaedic procedures in these individuals. We therefore wish to present our experience with corrective surgery for idiopathic scoliosis in a permanently immunosuppressed patient.
Case report
A 10-year-old girl presented with a juvenile idiopathic scoliosis characterized by a double thoracic curve (type V curve according to the King classification). At the age of 13 years and 10 months, she underwent orthotopic heart transplantation for end-stage cardiac failure (non-compaction left and right ventricule). While her cardiac function was normalized by the heart transplant, there was a significant worsening of the spinal deformity during her growth spurt, and corrective surgery for scoliosis was planned. Just prior to surgical correction at the age of 15, the spinal deformity revealed a 72°right thoracic curve and a 56°left cervico-thoracic curve. Bending radiographs showed a reductibility of the superior left thoracic curve of 28%, while that of the inferior right thoracic curve was 42% (Fig. 1) . A multidisciplinary approach revealed that corrective surgery for her idiopathic scoliosis could be attempted. Echocardiography confirmed a good systolic and diastolic function without pulmonary hypertension, and endomyocardial biopsy revealed a low grade of rejection (ISHT II; International Society for Heart Transplantation rejection classification [4] ). The spirometric and plethysmographic examination showed a uniform reduction of all lung volumes with a vital capacity of 1.1 l (40% of the predicted value). Erythropoietin administration with an iron-rich diet was ordered for the patient in order to increase blood mass for donation prior to surgery and to increase the hematocrit at the time of surgery. Immunosuppressive agents (0.17 mg tacrolismus/kg per day, 1 mg azathioprine/kg per day and 2.5 mg prednisone once a day) were continued to be administered even though we were aware that they might alter the patient's response to surgical stress and result in delayed healing.
The surgical procedure was performed under continuous transoesophageal echocardiography to monitor heart function. Continuous blood pressure monitoring by arterial line and central venous pressure monitoring were carried out. During surgery, the neurological status included somatosensory-evoked and neurogenic motor-evoked potentials. A posterior spinal fusion was performed from T3 to L3 using the Cotrell-Dubousset multi-segmented hook and pedicle screw instrumentation. As the laminae bone appeared very weak, no rotation or distraction manoeuvres were performed. After the spine had been exposed, the rods were moulded into the configuration of maximal reduction that could be obtained by manually straightening the spine. A cancellous bone graft was obtained by mixing bone from the laminae decortication with allograft (60 cc Tutoplast Spongiosa, Tutogen Medical, Neunkirchen). The surgical procedure lasted 4 h and 30 min, and blood loss was estimated at 1500 ml. Cell-saver permitted the recuperation of 300 cc of blood, and the patient received her predeposit autologous blood (2×500 ml) during surgery. Unfortunately, transfusion of 1000 ml irradiated and deleucocyted allogeneic blood was necessary. She received intravenous Tacrolismus and steroids for 48 h and was then placed on her usual p.o. regimen. Antibiotic prophylaxis (cefuroxime) was continued for 72 h and the patient was monitored in the intensive care unit for 3 days. She stood up for the first time on the sixth day without a brace and left the hospital on the tenth postoperative day.
Results
After surgery, the preoperative right thoracic curvature of 72°had improved to 33°, while the left cervicothoracic curve had decreased from 56°to 36° (Fig. 2) . Frontal and sagittal spinal balance were significantly improved by surgery. There were no problems with wound healing. Seventeen months after surgery, a solid fusion was noted without loss of the initial correction. Plethysmographic lung volume assessment showed a significant improvement of vital capacity, with an increase to 210 ml (+19.1%). In addition, the patient said she felt that she could "breathe better". 
Discussion
In spite of the improvement in surgical techniques and spinal instrumentation, corrective surgery for idiopathic scoliosis remains difficult and has the potential for serious complications. Patients with congenital heart disease undergoing general surgical procedures are recognized to have a significant rate of perioperative complications, and we also suspect that spinal surgery in a heart transplant patient might be even more problematic [6, 7, 8, 16] .
The denervated heart lacks the ability to respond acutely to hypovolaemia or hypotension with reflex tachycardia. Adaptation to stress is altered as the heart responds primarily by an increase in stroke volume. The increase in cardiac output therefore depends on venous return, with an initial increase in left ventricular end-diastolic volume, which in turn mediates an increase in stroke volume and ejection fraction by means of the Frank-Starling mechanism. In addition, there is a lag period in the haemodynamic response because the increased cardiac output is secondary to humoral reflexes (release of catecholamines) rather than to neural reflexes [14] . Heart transplant recipients are thus said to be "pre-load dependant" and require continuous echocardiographic monitoring of cardiac function perioperatively [6, 7, 8, 16] . In patients with congenital heart disease, the best predictor of perioperative complications is an American Society of Anesthesiologists (ASA) score of 3 or higher [8] .
On the other hand, it is important to remember that the heart shows no response to drugs acting via the autonomic nervous system. However, it will respond to drugs acting directly on the heart or via humoral reflexes such as isoproterenol, ephedrine or dopamine [6, 7, 16] .
The characteristics of the spinal procedure associated with perioperative complications include the length of the operation and the rate of blood loss, especially if a large amount of blood is lost within a short period of time [8] . There are many potential causes of excessive bleeding in this patient population. Immunosuppressive agents, such as corticosteroids, and inactivity are responsible for the osteoporosis that weakens the posterior vertebral arch, thus complicating fixation and increasing blood loss during surgery. In addition, immunosuppressive agents may result in delayed wound healing and possible wound dehiscence. An anterior approach is contraindicated to avoid re-entering the previously operated pleural cavity [8] . On the basis of these considerations, we believe that it is more reasonable to perform spinal fusion using a posterior approach only and to accept an incomplete correction with respect to the pre-operative bending radiographs. The rest of the treatment programme, including post-operative rehabilitation, should be exactly the same as for other idiopathic scoliosis patients.
Conclusion
The immunosuppressed state increases the heart transplant patient's susceptibility to infection, as it can alter the response to surgical stress and delay healing. Indeed, cardio-pulmonary function may be deteriorated at the time of surgery, thus increasing potential post-operative complications. However, orthopaedic elective procedures are not categorically contraindicated for these reasons, but do re- quire certain precautions. The surgical technique has to be modified in order to decrease operative time and blood loss without compromising the surgical goals of correction and fusion. As the denervated heart is pre-load dependant, continuous transoeosophageal monitoring is useful to provide information on heart filling. Our case report demonstrates that a necessary elective surgical intervention can be undertaken in a heart transplant recipient, but only after a multidisciplinary assessment of the patient.
